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Abstract The courtship behaviour of Nerophis lumbrici-
formis (Pisces: Syngnathidae) consists of three distinct
phases (initial courtship, spawning, and embrace)
marked by prominent behavioural changes. The first
courtship phase is characterised by female quivering.
Courtship activity increases from low to high levels of
quivering, causing undulatory head movements in the fe-
male. In the second phase, the female transfers her eggs
onto the male incubating ventral surface. During the fi-
nal phase, the male wraps his body around the female
(embrace). Females actively initiate courtship indicating
that these pipefishes are courtship role reversed. The
complete lack of swimming and vertical movements in
the courtship behaviour of N. lumbriciformis, unlike in
the behaviour of other syngnathid species, suggests an
adaptation to intertidal conditions.
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Introduction
Fishes of the family Syngnathidae are exceptional models
for the study of sexual selection (Darwin 1871; 
Barlow 1989; Johnstone 1995; Sherman and Reeve
1999), parental care (Trivers 1972; Ridley 1978; Blumer
1979; Smith and Wootton 1995), and the influence of the
operational sex ratio (OSR) in the expression of sex role
reversal (Vincent 1990; Clutton-Brock and Vincent 1991;
Clutton-Brock and Parker 1992; Vincent 1994a, b). They
show wide variation in the degree of male anatomical and
physiological specialisation for paternal care (Herald
1959; Vincent et al. 1992). Seahorses (genus Hippocam-
pus) posses the greatest specialisation, with males incu-
bating eggs within a highly vascularised brood pouch,
where females deposit their eggs directly (Vincent 1990).
In some pipefishes, such as Nerophis ophidion, females
attach their eggs to the males’ ventral surface (Berglund
et al. 1989; Rosenqvist 1990). However, there are still
very few descriptions of syngnathid courtship behaviour.
Comparative studies would certainly provide excellent
opportunities for understanding the evolution of this fam-
ily’s unique reproductive behaviour and morphological
adaptations. In this respect, the genus Nerophis is of spe-
cial interest since, as pointed out by Herald (1959), it has
the least developed structure for carrying eggs. Further-
more, there is almost no information on the behaviour
and ecology of N. lumbriciformis (Jenyns, 1835).
In this article we present data on the courtship and
spawning of N. lumbriciformis. Some brief notes on sev-
eral aspects of syngnathid behaviour are also presented,
to allow comparisons with N. lumbriciformis’ particular
reproductive behaviour patterns.
Methods
Study organism
N. lumbriciformis occurs mainly in the intertidal zone, from Nor-
way to Morocco (Dawson 1986), and is the most abundant inter-
tidal syngnathid on the Portuguese rocky coast, although it is also
present in estuaries (Almeida 1994). It is a small and slender
green-brown pipefish, with a vermiform shape and an upwardly
pointing snout. The sexes are dimorphic in size (females are larg-
er), colour (females are more conspicuously coloured), and behav-
iour. During the breeding season, females develop ventral and dor-
sal skin folds, whereas males have a flattened ventral surface (N.
Monteiro, personal observation).
Courtship behaviour trials
About 60 adult individuals were kept for 18 months in three tanks
(approximately 85 l), with a sand, algae, and rock bottom. Fishes
were caught in the rocky intertidal zone of Viana do Castelo
Communicated by R.S. Santos
N. Monteiro (✉) · M. da Natividade Vieira
Faculty of Sciences, University of Oporto, 
Praça Gomes Teixeira, 4099-002 Porto, Portugal
e-mail: nmonteir@fc.up.pt
Tel.: +351-22-3401514, Fax: +351-22-3401511
V.C. Almada
ISPA, Rua Jardim do Tabaco, 34, 1149-041 Lisbon, Portugal
acta ethol (2002) 4:109–111
DOI 10.1007/s102110100048
O R I G I N A L  A RT I C L E
Nuno Monteiro · Maria da Natividade Vieira
Vitor C. Almada
The courtship behaviour of the pipefish Nerophis lumbriciformis: 
reflections of an adaptation to intertidal life
Received: 3 January 2001 / Received in revised form: 24 May 2001 / Accepted: 24 May 2001 / Published online: 13 July 2001
© Springer-Verlag and ISPA 2001
(41°41′45′′N, 8051′09′′W). The water temperature in the aquari-
um was constant (14–15°C) and the diet consisted of fresh Arte-
mia nauplii. The tanks were illuminated with 18 W fluorescent
light, with a photoperiod of 13L:11D. More than 200 h of ad lib-
itum observations were made (sensu Martin and Bateson 1993), at
random intervals, with about 60 h of videotape recordings. Obser-
vations were conducted after a 1 to 2-week period, allowing the
fish to adapt to the observer’s presence.
Results
Females willing to mate showed contrasted flanks. This
ornament (stripes), presented throughout the entire court-
ship process, is a temporary amplification of the normal
contrast and is very similar to the one described for Syn-
gnathus typhle (Berglund et al. 1997). In addition, there
was a rise in female activity level. The genital papilla
was also clearly visible. The male’s mating predisposi-
tion is more difficult to determine. Generally, they
showed an extremely flattened ventral surface, some-
times forming a concavity, always without the presence
of alveoli from a previous pregnancy.
Initial courtship took place throughout the entire day,
especially after dawn and during the afternoon. Fish ac-
tivity decreased significantly during the night (N. Mon-
teiro et al., unpublished data). The first sign of the onset
of courtship was a considerable rise in female activity.
The courtship ritual may occur underneath stones, on the
sand, or in algae, but always in close contact with the
substratum. A survey of the complete courtship and
spawning sequences is summarised as follows:
 Initial courtship
The female approaches a male, assuming a side-by-
side position, and starts to quiver (these tremors result
from vigorous vibrations of the dorsal fin and affect all
of the body but not the head). This phase is character-
ised by repeated occurrences of quivering (only the fe-
male quivers, in continuously decreasing time inter-
vals). Then, the female slowly moves forward and
waits for the male to follow. If the male follows the fe-
male, the quivering continues, in a crescendo. Other-
wise, the female returns to the original position and re-
peats the quivering or abandons that specific male and
immediately looks for another available mate. After a
short period (5–10 min), if the male follows, the fe-
male starts to quiver in physical contact with the male.
As the quivering intensity rises, the female’s head
starts to vibrate, in a vertical movement (Fig. 1, a).
Sometimes, the male’s body shakes as a result of the
contact with the quivering female. This period can be
relatively long as a result of a low level of male’s mat-
ing predisposition or by disruptions caused by other
females. Indeed, the mating pairs were frequently dis-
turbed by other females (four at a time in one observa-
tion) that quivered to the male and attempted to place
their bodies between those of the pair. Nevertheless,
this initial courtship period is considerably shorter
(30 min) than the one described for seahorses (Vincent
1990, 1994b, 1995; Vincent and Sadler 1995).
 Spawning
After the initial phase, the female starts to tilt its body
along its longitudinal axis, turning its genital papilla,
extremely distended, to the male. Generally only after
a few female attempts, the male adopts a similar posi-
tion, turning its ventral surface to the female (Fig. 1,
b). The male starts to vibrate its dorsal fin vigorously
(about 6 s) as soon as their genital regions are in con-
tact. After this contact, the female immediately starts
egg deposition and the male slowly moves backward,
always with its incubating surface turned to the fe-
male’s genital papilla. Observations of unfertilised
eggs under a stereomicroscope showed that they are
not released individually. Instead, they form long
strings that may have a length greater than 20–25
eggs, arranged in two to four parallel rows (average
n°. of eggs, 49; n=114; range, 18–84; SD=10.84), with
a mucilaginous layer in the portion that is in contact
with the male’s incubating ventral surface. Once the
incubating surface is completely occupied, the male
ends its backwards movement and starts to rotate
along its longitudinal axis (usually three full turns),
thus promoting the removal of the surplus eggs (not
directly attached to the incubating surface) (Fig. 1, c).
 Embrace
Immediately after spawning, the male wraps himself
around the female (Fig. 1, d) in a close and prolonged
embrace (10–15 min). During this period, both indi-
viduals wander, apparently erratically, always in close
contact with the substratum. After a while, the female
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Fig. 1 Schematic representation of Nerophis lumbriciformis main
courtship and spawning sequences (a-female quivering; b-spawn-
ing; c-male rotation; d-embrace)
slowly tries to disengage, but it is the male that appar-
ently determines the end of this period.
Discussion
We argue that like N. ophidion and S. typhle (Berglund et
al. 1989, 1997), N. lumbriciformis is a sex role reversed
species. Females are the courting sex and show more in-
tense changes in colour patterns during reproduction than
males. They are the “more ornamented sex”. In addition,
the frequent disruptions of mating by intruding females
that we observed are likely to represent female–female
competition, a process that was not observed in males.
Our aquarium observations also suggest that the potential
reproductive rate of females may exceed that of males
(one female re-mated during a male pregnancy period).
The courtship behaviour of several seahorse (Vincent
1990, 1995; Vincent and Sadler 1995; Masonjones and
Lewis 1996) and pipefish species (Vincent et al. 1995)
has already been described. The general patterns of be-
haviour are extremely similar. Nevertheless, there is a
striking difference in N. lumbriciformis courtship. Unlike
that of other syngnathid species, which rise up before,
during, and/or after egg transference (S. acus, S. typhle,
N. ophidion, and Hippocampus spp.), the entire courtship
ritual takes place in close contact with the substratum.
We suggest that, at the behavioural level, the reduction
of vertical and swimming elements may constitute an ad-
aptation to typical intertidal conditions, since N. lumbri-
ciformis inhabits areas exposed to strong wave action, an
interpretation similar to that proposed by Almada and
Santos (1995) to explain the reduction of water column
displays in intertidal blennies.
So far, it has been impossible to describe accurately
the fertilisation in this species, but it seems very likely
that the sperm may be spread underneath the egg layer
by the backward movement of the male. Initially concen-
trated in his genital area, the sperm is probably continu-
ously pushed forward by the eggs that are being placed
whilst the male is moving backwards. Thus, the fertilisa-
tion might occur during the embrace period, which may
have evolved as a means of avoiding sneak fertilisations,
a phenomenon widespread in fishes (see Taborsky 1994,
for a review). If the sperm is indeed moved along the
ventral surface of the male by the extending egg layer,
one interesting consequence would be the inability of the
male to fertilise spawnings of additional females since
the genital area would become obstructed by the previ-
ous eggs, forcing monogamy upon the males.
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